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Objective: To determine the correlation between transabdominal (TA) and transvaginal (TV) cervical
length measurement in a low-risk obstetric population in Taiwan.
Materials and methods: Womenwith a singleton pregnancy between 20 weeks and 24 weeks of gestation
underwent postvoid TA and TV cervical length measurements. Differences between the measurements
obtained using the two methods were evaluated.
Results: Two hundred and ﬁve women agreed to participate in the study. Paired TA and TV measure-
ments were obtained in 174 women. The mean TA cervical length was 36.0 ± 4.9 mm and the mean TV
cervical length was 37.6 ± 5.4 mm. The mean TA cervical length was shorter than the mean TV cervical
length by 1.6 mm. The 5th percentile of TA and TV cervical length was 29 mm and 29.1 mm, respectively.
The discrepancies between the two methods were not signiﬁcantly correlated with maternal body mass
index (BMI). All women with TV cervical length <25 mm had a corresponding TA cervical length
<29 mm.
Conclusion: The TA cervical length could be obtained in the majority of the low-risk pregnant women in
the present study, and the TA cervical length was closely correlated with the TV cervical length. The use
of TA ultrasound could be an effective initial tool for cervical length screening in low-risk pregnant
women. TA cervical length <29 mm (5th percentile) could be used as a cut-off value for further TV
ultrasound.
Copyright © 2015, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All
rights reserved.Introduction
Preterm birth, deﬁned as delivery prior to 37 weeks of gestation,
is the worldwide leading cause of perinatal mortality and long-
term morbidity in infants born without congenital anomalies
[1,2]. Chronic lung disease, visual impairment, and developmental
delay are a major sequelae of preterm birth, especially in very
preterm infants. The early detection and management of pregnant
women who are at a risk of preterm labor are essential to reducegnancy, Department of Ob-
umber 92, Section 2, Zhong-
n).
bstetrics & Gynecology. Publishedthe occurrence of perinatal morbidity and mortality related to
prematurity. However, in practice, the precise prediction and pre-
vention of preterm birth still presents a considerable challenge to
obstetricians [3]. Recent advances in obstetrics suggest that it is
possible to reduce this adverse pregnancy outcome in women at
high risk of preterm delivery [4]. The administration of vaginal
progesterone in women with mid-trimester short cervix decreases
the rate of preterm delivery and improves neonatal outcomes [5,6].
Similarly, investigations of both cervical cerclage and cervical pes-
saries for women believed to be at high risk of preterm labor showa
signiﬁcant reduction in preterm birth prior to 34weeks of gestation
[7,8]. Because effective interventions for preterm delivery are
available, obstetricians need a reliable and efﬁcient method to
identify pregnant women at risk of preterm delivery.by Elsevier Taiwan LLC. All rights reserved.
Table 1
Summary of TA and TV cervical length measurements (mm).
TA TV
Mean (SD) 36.0 (4.9) 37.6 (5.4)
Minimum 19.8 21.5
Maximum 50.5 53.5
Percentiles:
5th 29.0 29.1
10th 30.4 31.2
25th 32.8 34.2
50th 35.6 37.4
75th 38.9 41.1
90th 41.7 44.3
95th 44.5 46.2
SD ¼ standard deviation; TA ¼ transabdominal; TV ¼ transvaginal.
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contraction monitoring, biochemical markers, and ultrasound
have been used to screen for the risk of preterm delivery [9]. The
sensitivity of obstetric history and uterine contraction monitoring
for identifying women at risk of preterm delivery is low. In a
population-based study, the obstetric history alone predicted only
10% of preterm births [10]. A number of studies have indicated
that the cervical length in the second trimester is the single most
predictive risk factor for preterm birth [11e14]. The mid-trimester
cervical length can be measured by transvaginal (TV) or trans-
abdominal (TA) ultrasound, but TV ultrasound has the advantage
of direct and clear visualization of the cervix and has been the
gold standard for the diagnosis of pregnant women with a short
cervix. However, TV ultrasound is time-consuming, and its
applicability to screen for cervical length in pregnant women may
be limited. First, the prevalence of a short cervix in the general
obstetric population is relatively low. According to studies by
Fonseca et al [5] and To et al [7], the prevalence of a cervical length
of 15 mm is ~ 1e2%. However, the real prevalence of a short
cervix in a low-risk obstetric population could be even lower
because these studies did not exclude women with risk factors for
preterm birth. Second, pregnant women at a low risk of preterm
delivery may not expect to receive TV ultrasound in the mid-
trimester. As a result, the effectiveness of cervical length
screening could be reduced. Friedman et al [15] reported that 9.8%
of mid-trimester pregnant women declined TV cervical length
measurement. The main reasons for which women declined the
procedure were embarrassment and discomfort during the ex-
amination and concern that TV ultrasound could be harmful to the
fetus.
As an alternative to TV ultrasound for cervical length assess-
ment, TA ultrasound provides the advantage of convenience
because it is used for routine antenatal examinations. However, the
accuracy of TA measurement of cervical length has been debated;
the major concerns being that the landmarks of the cervix may not
be clearly identiﬁed by TA ultrasound and that maternal bladder
ﬁlling status may confound the results [16,17]. However, Saul et al
[18] found that a cervical length of 2.5 cm on TV ultrasound was
closely correlated with a cervical length of 3 cm on TA ultrasound,
and concluded that TA ultrasound was useful for cervical length
screening. The discrepancies between previous studies may be
explained by differences in selection criteria. To determine the
feasibility of the clinical application of TA cervical length screening
in a low-risk obstetric population in Taiwan, we investigated the
correlation between mid-trimester cervical length measurements
by TA and TV ultrasound. In addition, we examined the effect of
maternal stature on the differences between TA and TV cervical
length measurements.
Materials and methods
This prospective longitudinal cohort study was part of a large
prediction study of preterm birth and was conducted at the fetal
assessment center of Mackay Memorial Hospital, Taipei, Taiwan,
from April 2013 to October 2013. The study protocol was approved
by the Institutional Review Board. The participants were asymp-
tomatic singleton pregnant women who underwent a mid-
trimester fetal anatomic ultrasound scan between 20 weeks and
24 weeks of gestation. All participants were informed about the
study and provided written consent for the ultrasound scan. Mea-
surement of cervical length by TV ultrasound was offered as an
optional examination, included in the mid-trimester examination
at no additional charge. Women with uterine anomalies, a history
of cervical surgery, or signs of preterm labor, such as preterm
uterine contractions and vaginal bleeding, were excluded.Demographic data and obstetric history were collected from all
participants.
Two sonographers who were familiar with TV and TA ultraso-
nography performed all the cervical length scans. The device used
was a Voluson 730 Expert series (GE Healthcare, Milwaukee, WI,
USA) with a RAB 4-8L TA probe and a RIC 5-9H TV probe. The
methods for cervical length measurement were based on the
methods described by To et al [16]. The TV ultrasound was per-
formed ﬁrst. Participants were asked to void the bladder prior to
the procedure and were then placed in a dorsal supine position
with bent knees. One sonographer performed the TV ultrasound
and the cervical length was measured from the internal to the
external cervical os in a mid-sagittal plane. Clear identiﬁcation of
the external and internal cervical os was required prior to mea-
surement and the shortest linear cervical length was recorded. The
participants then underwent TA cervical length scanning prior to
the fetal anatomic examination. A second sonographer, who was
blinded to the results of the TV scan, performed the TA cervical
length measurement. Because the TA ultrasound was performed
immediately after the TV ultrasound, the maternal bladder was still
empty during the TA cervical length assessment. If a satisfactory TA
image could not be obtained within 5 minutes, the sonographer
proceeded to the fetal anatomic scanning and the TA cervical length
was designated as unobtainable. Women with unobtainable TA
cervical images were excluded from the comparison.
SPSS version 21.0 software (SPSS Inc., Chicago, IL, USA) was used
for all statistical analyses. Demographic data were evaluated using
the Student t test and the c2 test. A paired t test and Pearson's
correlation analysis were used to compare the mean cervical
lengths measured by TA and TV ultrasound. BlandeAltman plots
were used to analyze the difference between the procedures. A p
value <0.05 was considered statistically signiﬁcant.
Results
A total of 266 women with singleton pregnancies who met the
inclusion criteria were asked to participate in the study, but 61
(22.9%) of them declined the TV ultrasound. The remaining 205
women agreed to participate in the study. Satisfactory TA images
could not be obtained in 31 (15.12%) of the 205 women, and these
were excluded from the analysis. Finally, both TV and TA cervical
length measurements were available for 174 women. The mean
maternal age on study enrollment was 32.4 ± 4.3 years and the
mean gestational agewas 22.0 ± 0.5 weeks. Themean gravidity and
parity were 1.64 ± 0.92 and 0.33 ± 0.53, respectively. Mean body
mass index (BMI) was 21.7 ± 3.2 kg/m2.
The mean TA cervical length was 36.0 ± 4.9 mm and the TV
cervical length was 37.6 ± 5.4 mm (Table 1). There was an apparent
correlation between cervical lengths measured by the two different
Fig. 1. The relationship between TV and TA cervical length measurements. TA
Cx ¼ transabdominal cervical length; TV Cx ¼ transvaginal cervical length.
Fig. 3. The correlation between the differences in cervical length and body mass index
(BMI). Difference in cervical length ¼ transabdominal (TA) cervical
length  transvaginal (TV) cervical length.
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and the Lin's concordance coefﬁcient was 0.767. The correlation
could be determined by the following equation:
TA cervical length (mm) ¼ 0.737  TV cervical length
(mm) þ 8.3 mm. (1)
According to the regression equation, a TV cervical length of
25 mm corresponded to a TA cervical length of 26.7 mm. The
BlandeAltman plot illustrated the paired differences in cervical
lengths for each cervical length measurement (Fig. 2). The mean TA
cervical length was consistently shorter than the mean TV cervical
length by 1.6 mm (p < 0.001). The 5th percentile of TA and TV
cervical length was 29mm and 29.1 mm, respectively. Although the
difference between TV and TA measurements tended to increase as
BMI increased, the difference was not statistically signiﬁcant
(Pearson's coefﬁcient ¼ 0.085, p ¼ 0.26; Fig. 3).
The distribution of cervical length measured by TA and TV ul-
trasound is shown in Fig. 4. Of the 174 women, TA ultrasound
identiﬁed four (2.30%) with cervical length < 25 mm and 18
(10.34%) with cervical length < 30 mm. By comparison, TV ultra-
sound identiﬁed four women (2.30%) with cervical length < 25 mm
and 13 women (7.47%) with cervical length < 30 mm. The cervicalFig. 2. BlandeAltman plot showing paired differences in cervical length measured by
transabdominal (TA) and transvaginal (TV) ultrasound. Difference in cervical
length ¼ TA cervical length  TV cervical length.lengths of the four cases with TV cervical length <25 mm were
21.5mm, 23.2mm, 23.5mm, and 27.2mm. Their TA cervical lengths
were 19.8mm, 21.8mm, 24.8mm, and 27.7mm, respectively. If a TA
cut-off value of 29 mm (5th percentile of TA cervical length) was
used, all four women with TV cervical length of <25 mm were
identiﬁed (broken lines in Fig. 1). Furthermore, during the study, TV
ultrasound identiﬁed twowomenwith cervical funneling and these
ﬁndings were also detected by TA ultrasound. Amniotic ﬂuid sludge
was not detected in any women in our study population.Discussion
The correlation between short cervical length and preterm de-
livery has been identiﬁed in the literature, and mid-trimester cer-
vical length measurement by ultrasound is an effective method to
identify women at risk of preterm delivery [19,20]. Women with a
cervical length of <25 mm at 22e24 weeks of gestation have a six-
fold increase in preterm birth prior to 35 weeks [11]. Moreover,
cervical length of15mm is associated with a nearly 50% chance of
spontaneous preterm birth prior to 32 weeks of gestation [21]. It is
apparent that the risk of spontaneous preterm delivery increases as
the cervical length decreases.Fig. 4. Distribution of TV and TA cervical lengths. TA Cx ¼ transabdominal cervical
length; TV Cx ¼ transvaginal cervical length.
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to measure cervical length. First, the prevalence of a short cervix in
the low-risk obstetric population in the present study was low.
Only 2.30% of the womenwithout risk factors for preterm labor had
a mid-trimester TV cervical length <25 mm. Therefore, in a clinical
setting, it may not be efﬁcient to routinely use TV ultrasound to
screen pregnant women to identify the very small number patients
with a short cervix and a risk of preterm labor. This is particularly
relevant to the busy obstetric units in Taiwan. Second, the accept-
ability of TV ultrasound in pregnant women in Taiwan was lower
than in Western countries. Braithwaite et al [22] reported a high
level of consent to TV ultrasound scanning by pregnant women in
the United Kingdom. Conversely, about one-ﬁfth of the Taiwanese
women in the present study declined TV ultrasound even when it
was offered free of charge. Consequently, there is considerable
limitation to the use of TV ultrasound for cervical length screening
in Taiwan. Third, satisfactory cervical images were obtained on TA
ultrasound within several minutes in about 85% of women in the
present study. Performing a TA cervical length measurement at the
time of fetal anatomic examinationwould not signiﬁcantly increase
the total examination time. Fourth, our results showed a clinically
signiﬁcant correlation between the TA and TV cervical length when
performed by experienced sonographers. Collectively, these ﬁnd-
ings suggested that TA ultrasound could be feasible as a ﬁrst-line
tool for cervical length assessment in low-risk obstetric
populations.
The overestimation of cervical length by TA ultrasound has been
debated as a limitation to the clinical application of TA cervical
length screening and previous studies have shown conﬂicting re-
sults. Hernandez-Andrade et al [17] found that TA measurement
overestimated the cervical length by an average of 8 mm in patients
with cervical length < 25 mm. By contrast, in a study by Stone et al
[23], the median TA cervical length was 2.6 mm shorter than the
median TV cervical length. Furthermore, in that study, all TA cer-
vical lengths of 25 mm corresponded to longer cervical lengths
measured by TV ultrasound, and TA ultrasound did not over-
estimate cervical length. In the present study, cervical length
measured by TA ultrasound was consistently shorter than the TV
cervical length by 1.6 mm. This ﬁnding was in agreement with
other studies that found that the mean TA cervical length was
similar to or shorter than the mean TV cervical length [15,23].
Therefore, in low-risk pregnant women, when the cervical length
measured by TA ultrasound is > 25 mm, there is only a very small
chance that the cervical length measured by TV ultrasound would
be < 25 mm. This suggests that TA ultrasound is effective and
reliable for the initial assessment of cervical length.
Friedman et al [15] reported that 96.1% of women with a short
cervix on TV ultrasound could be identiﬁed by prevoid TA ultra-
sound using 36 mm as the cut-off value. Saul et al [18] proposed
that a TA cervical length of 30mmwould be a sensitive threshold to
identify patients with a short cervix when the scan is performed by
experienced sonographers. Stone et al [23] suggested a TA cervical
length < 27mm as an indication for review by TV ultrasound. In our
study, the 5th percentile of TA and TV cervical length was 29 mm
and 29.1 mm, respectively. There were four cases with TV cervical
lengths <25 mm and three of them had a TV cervical length less
than a TA cervical length. Although the remaining case had a TA
cervical length (21.8 mm) less than a TV cervical length (23.2 mm),
her TA measurement was still less than the 5th percentile and was
positive on the TA screening. Therefore, a TA cervical length of
29 mm (5th percentile) could be used as a threshold for women
receiving further TV cervical length measurement.
The maternal bladder ﬁlling status is important in TA cervical
length measurements. Generally, a fully distended bladder is
required to successfully visualize the cervix and identify the marginof the internal and external os on TA ultrasound [11]. However, the
relative position of the cervix changes with bladder ﬁlling and the
TA cervical length measurements may be spuriously increased [24].
In addition, TA ultrasound with a fully distended maternal bladder
can cause considerable discomfort for pregnant women. Although
it is more difﬁcult to perform, measurements of cervical length by
TA ultrasound when the maternal bladder is empty correlate well
with TVmeasurements [25]. In the present study, we obtained clear
cervical images and cervical length measurements in 85% of cases
by postvoid TA ultrasound. The high success rate could be partly
attributed to improvements in ultrasonic resolution and to the low
average BMI of our study population.
Our study had several limitations. First, no patient with amniotic
ﬂuid sludge was identiﬁed in our study. Amniotic ﬂuid sludge is an
indicator of intra-amniotic infection that may lead to preterm de-
livery [26]. Therefore, we were not able to investigate the sensi-
tivity of TA ultrasound to detect amniotic ﬂuid sludge. Second, we
only included women with singleton pregnancy and no risk factors
for preterm birth. Therefore, the correlation between TA and TV
cervical length was mainly determined based on normal cervical
lengths because there were few patients with short cervical
lengths. Further large-scale studies are needed to investigate the
clinical application of TA cervical length assessment for pregnant
women at high risk of preterm delivery.
Although the clinical application of universal cervical length
screening remains controversial, cervical length screening does
identify women at risk of preterm birth because of short cervix and
may prevent many, but not the majority of, preterm births [27,28].
Our results demonstrated that satisfactory cervical images could be
obtained by TA ultrasound in most women in a low-risk obstetric
population. Cervical length measured by TA ultrasound was closely
correlated with cervical length measured by TV ultrasound. TA
ultrasound could be considered an initial tool for cervical length
screening in low risk pregnant women and this approach could
help to reduce the load of universal cervical length screening in
busy obstetric units.
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